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ABSTRACT
A proposal on atomic parity violation experiment & a study on parametric
resonances with trapped ions
by Pintu Mandal
Supervisor:Dr. Manas Mukherjee
Motivated by the challenges and limitation of existing experimental techniques, the
thesis introduces and elaborates a proposal for the precision measurement of atomic
parity violation by quantum metrology with an entangled pair of trapped ions. Al-
though the technique is fundamentally based on an existing proposal, it can poten-
tially reach a figure of merit twice as high for an exceedingly tiny observable, yet to
be measured in any ion trap experiment. The systematic of the technique have been
shown to be better controlled as compared to other experiments. Since the goal of the
experiment is to test the Standard Model of physics, the measured parity violating
transitional dipole matrix element has to be compared with the theory of competitive
precision. The choice of the element therefore plays an important role for the success
of the experiment. From this perspective, barium and radium ions have been com-
pared. The thesis presents the theoretical study on nuclear spin dependent atomic
parity violation and nuclear anapole moment in different isotopes of these ions and
proposes specific transitions that are experimentally feasible. The analysis has been
specifically performed to observe the nuclear anapole moment which is still illusive.
The second part of the thesis studies the behaviour of non-ideal geometry of linear ion
trap in order to understand possible systematic and prepare an endeavour to measure
atomic parity violation with it. Experiments have been carried out to characterise
the field imperfections and their origins in a linear trap setup. The axial coupling into
the radial plane, a common problem in this trap geometry, has been systematically
studied by employing electric dipole excitation of the trapped ions. The thesis reports
a geometric loss factor in the radial plane of this setup which is consistent with
simulated result. The space charge effect on the parametric resonance has been
studied and the observation has been modelled. The signature of collective oscillation
and its behaviour with increasing space charge density are presented here. The line
shape of the parametric resonance has been conclusively studied with asymmetric
radial trap geometry and its importance in the field of mass spectrometry has been
analysed.
